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(54)Titlc: LIGHT EMITTING DEVICE AND DISPLAY DEVICE 



(57) Abstract 



A light emitting device provided with a light emitting element having a 
semiconductor light emitting layer and a photo luminescence fluorophor which 
absorbs part of the light emitted from the light emitting element and emits light having 
a wavelength which is different from that of the absorbed light The light emitting 
layer of the light emitting element is composed of a nitride compound semiconductor 
and the photoluminesccnce fluorophor contains a garnet-based fluorophor activated 
with cerium containing at least one element selected from among the elements of Y, 
Lu, Sc, La, Gd, and Sm and at least one element selected from among the elements of 
Al, Ga and In. As a result, a white light emitting diode having high luminance and a 
light emitting characteristic which is not deteriorated even when the diode is used for 
a long period of time is obtained. 
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ia-5*<YAGm^©YiGdiOlfc^ Y : Gd = 4 : 1-2 

Y£_&d Y : Gd = 2 : 3-1 : 4 ©fSfflKtS/g-f * £ . W 

jSk CeC^Wl (Biftft) lix 0. 0 0 3-0. 2©«BffiK83rf *£ 
#0. 003*»"C'(ix Cei:i57* h^5*y-b>^©B«3B5t+i> 

0±©«fc9lC. iaj&©A 1 ©-»*g a-cii*-r*c£KJ:9$s#»* 

»S*<2 5 4 nm^36 5 nmTfcSH gjWrctti*£//£fl8Sft"**4 
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5 0 n mttfi©1tfe*$6**y £ © L E D^IC J: 5 BfiSWWK^o $ 

So 

•J^AT'ftg^tl/r-f'y h 'J* A • 7^ -7 A . (Y 
AG) li#±»5c*0*^U9A (Sm) * h/US*-^ 

C ©£?/.£ 7 * h;U$*-tr>x£ft#li N Y N G d > C e > Sm> A 1 - 

&#g a ©n*4 t bxmtm> jum*v®Biizmimzt£ &{t&m*& 

tteflfca^IR**^ 7? y 9 L/T7 -yfl:7 ^e-7 A^©7 yftU 
^Ifl^ UT*tt*C»&* £St* 1350-145 0 1 ©SgtafflT' 2 

±^©ftS?^^lwfcC>T. M£H*4tex Y N Gd. Ce N SraOtil 

tCcfcOftSSL/'Cfe.fc^o 

-ftS (Yj-p-o-rGdpC e,Sm,) 3 A 1 s Oi 2 T*g-f d 6 7 * 

h;l/Ut^Xt» *§H*KGd£#Wt3c<!:lc e k<K #K4 6 
0nm£l±©ft»**©Bfil6*»**K<t-5Ct*<'Ct*o # 
Ky~$A©£W***to3#SCfcKJ:fK *3tfcT-^*«> 5 30 
nm*>b5 7 Onm*-e*»fti:»»S^ ±(*©*it»*t>ftaftffili: 
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i/7FH5:i:m5o 5fc*©®^&ftfe«gtti§&. Gd©g& 
£££<-f *::<!; -egi&T'£*o Gd^itJirf Sii&l^ 

— fiA (Y,-,-,-Gd,Ce,Sm,) 3 A 1 5 0i 2 Tg£*l£Sm 
££tr7* Ml/Ut>Xf7t#li> Gd©£W*£itflnS-£T*>&K# 

S ir fc h 7 * h ;u ^ * * > *Sfcfcl*©»ttM©$ft »*« $ n 
Gd©£W*£*!n*'t*"C7* Wi/**-fe>x©38*;©feHfc*** 

^(*©Sa (2 0 0^>Kfc#*****©«*** (%) 
SmO^MrliO. 0 0 0 3£r£0. 0 8©®!!?** - 

liO. 0 00 7£r£0. 0 2©Effl-?£>*- ^ < - 
jcjc ^xms^ttii 8 0 XfiUiCC* So 

Ce©M*Ql*N 0. 00 3£q^0. 2©«BBT** C L 
ItmgtiU q = 0. 0 3©«*(*©**WK*10 0/<— b^htUfc 
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ofteRat^ott^w^sfctoKW^fiTU asc% o. 2^* 

*IW6WO»3t^*-KCfel^Tttx AK Ga. YRtfGd-^Sm 
©#W**<Stt*2aiBfiLh© (Y,-p.,-rGdpC e,Sm,) sAl 5 0 12 

^©RGBO&ft^iltfCi^T*^ CftK, 0J*.l**7 5-7^ 

(fSft^l 0 2, 2 0 2) 

02. 2 0 21*. MOCVDS^lc«fc*)S«±t-I nGaNffflWi 
^©g&l£ I nG aN©*-*?#P«i6t-r*CtllJ:»)x 7* h/U 
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+ % Xk'^/K SiC> Si. ZnOS©*m#ffl^*d 
8fttt©ll^Sfk#U i7A*$SfcStf5fci&K:ti1f7 r-ftS«*ffl^« 
:tiftUs :«Dt7 7'fi'Sjji±i:GaN % AlN^O'<-y7r- 

Sfttf U 7 AJR¥**«\ K-7*Utt^tt»TNS*«tt*Tx-r 

Sex Te, CmZmt. K-7"** Z. ti<W* U\, -15. pMfktfU 
Ca> Sr. Ba**K-7*ti, A. g<k#'J 7 A*ftaiM!»*tt, 
SAflfcl^ ^Kcfc*fln&> fi«*?»JHW^7 , 7XTj|RW<fi:J:?)pS{k 

7^ct7 7 h-r-5e z<D£?izbxmittfvvj+nii&®*&ft*t>Kz 
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»3t&S«4 0 0 nmKU:5 3 0 n mVXTKWLfc? Z Z t L < . 4 
2 0 nm£l±4 9 0 nm^Tlcfi:^f * :t*<J: Off * Us ¥£ft%=?t 

4 5 0 nmfil±4 7 5 nmfilTfclMEr 5 d * U\> ISiSJB 

©•C*5o CCTN S4i:fc^T> 4 5 0 nmfti6i:tr-^*^-3|6*36< 
£tz, mnZ7fiLtz&ybftt£-9WLMi4 6 5nm©ffeLED 
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fcfcHW&KBgUttl^ 8#l##y7A$ N # DATA'S -7 AO 

#J6#»riltt»*^*- Kit* 

(a*m&7^-f-l 0 3. 2 0 3) 
^m^^-r^-l 0 3> 2 03iUTIi. 16**^1 0 2x 2 0 2OS 

#*J6*ftS. fceMtbTBO. 01cal/(s) (cm 2 ) (<C 
/cm) OtjWfrSKx J:9«P*-b<ttO. 5cal/(s) (cm 2 ) 
(t/cm) ei±T**. fWtt***«&»«*74*-®« 

<h bT . £ 5 £ K A 5 c t C «k 5 »K3B«a©* ^ K 
«k?)> *tt£©JIBic*50-CfiU **tt7'f*-ttK»blU.*. *©fcfc 
IC**tt7-f 2 5 ^m£Lt#J:9SF2 b<U f&ftffifS^IX 

o at >^ $ ©«&#> & 3 5 u m&rf v^^-onwt 

UTIi. flk 7;l^-7A*f©&S&tH;ft£©&&Wf £ 
9^-*>f-( >/iIi:iot, -f • ^ 

• y- Kl 0 5) 

■7 7 > h • l> — K 1 0 5 (2% ft v 1 0 5 a <h U — KSS 1 0 5 b <k 
rt-yT'SBl 0 5ai:, 0 2£ 
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^^?10 2<i:-79>h • V-Kl 0 50^7^1 0 5 a 

^K0tb-r^^7 , T*-?x. fgft^oms**? -y-rsiJi o 5 a cms 

Ztz^ -r^yh- K©^#tt£«m£fti:UTIi3 0 0/iQ • cm& 
lcal/(s) (cm 2 ) (t/cm) £l±ti<ft*L<, <fc9i?2L< 
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liO. 5cal/(s) (cm 2 ) a/cm)J^±t*5o 
i^y-f-- D-K106) 

jyj--. »j-K106li> v9>h • ■J-K10 5±KEM£ft£2i 

»«tt9>f ^-«sa$n5o -?9> h • 

-'J - K£i2®-f S'i^#&*o Mill h • U- K^&KtlSC 

t < -r w <h ic «t *> x . *«& 7 <r + - n © ibim it * * o k 

SK±10SEm:i9:3E« U\, 
0 1) 
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K©* y ^tcK:^e»n*t)O"e*0H ***©»« i-cb* »**?oi6 
ft*m&?*7* ft* *>©■?**• 

>r»©*#W*mib-CI^ a'J7«f^ >U3->tt 

(*-;UK«M*l 0 4) 

*-^K«»tl0 4tt. M?10 2^ aMt&7^-10 3. 7* 
**>x£#fc*<#*rSftfc3--r<f >?'SB1 01 

-/UK»#10 4M\ fe^^tf- KKfct^ m^^SXil 

JtTHR^tt^-tftft^ttlMt^fc^^ttlC^JjtSftSo *- 
/UK**H 0 4W\ *ft^ftHtt5»*4*a»««Lfc*i6HU-CfcJ:^ 0 
*-^K««l 0 4 ©&#*!#**£ LTlix itUTx^i/Htlg, jliJ 

7*k. •> u a - ymttK if©B*tticftftfcaw*»^«^« 
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at^t{*©»fe*»'#'- tw% * tmz& o«fett*isi±*** - £#t- 

3gBJ3©HJfe2. 



30 



WO 98/05078 



PCT/JF97/02610 



«£3fcft5 #ifc8ttfii K 

S*#KHUT* 9i> 7* h /US l/^ -»3t (R 

e,.,Sm,) s (A 1 ,..Ga.) $0, 2 : C e T?g$ft*-tr «J 0 At'jfg$ 
ftfc3bfcf*£fl§^*C ilU 0<r£l. O^sSL Re 

li, Y> G d x La^bIJ?$n5^<ifc-iT*5„ Cft{;«fc9f6 

< T?# £©t\ 3B*fcfe©fe*ft*»#**©ftT:&<«»T£j>tt < . 

3&flS©JB«S2©f&#?V*- KKJB 1***1*7* hA<-> 
£ot*TSMBK5ft9i"fS« S5*©»»2tcfe^T(i. ±i£L£«fc9{c. 7* 
h A * * -tr >XS*{* t LTmi&omti * 2 SSEt±©-fr U 7 AT'ftg $ 

nyt7* h;i/s*«t>^3tjfe#*«fflufcetnj^ nmwwutmmz 
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ct -5 nans * titznni&& 2 * - k i*. 1 1 

ES^S^fC (Ee) =3W- cra-^ilOW- cm'^TO 

1 -y h 'J 7 A • 7)Vl-*jJ* • #-*.-y SI 5 AC^IC* 

h;KD»3thf-^*H5BO««{c^-ri^lc5 1 0 nmttiEKtfc 
Lrt^f&ftX^? h^7 0 0nmi-e**5KJ;?K7a - K 

ffi%1&2<OW*W ATftrg^tXfc'f -y h U 7A • 7^^-7A • 

C**J:?lc6 0QnmttfiKlfl:3rc*. U**>f&ft*^* WU*7 5 0 
nm*T**5l<7*o-KK-t?*S. ChUiot, #fe»©»ft^W16 
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if-*? hm&Z&^tzY AGIS^OgjSOrt, Al©-SB£Ga 
TiHt5:tTMS«fl!i:->7 hU *fcfcifc0Y©-»* 
GdRO'/XliLa-Cg&-fSC<h-t\ 563t»fi*<ftifefif|^S/7 hf-So 
A 1 OGa'sOlil^ M^iMil^tai/TG a : A 1 =1 : 
lfr£4 : 6#ff*U\, Y©-SB£Gd&tf/XliLaT't& 
-f*Ci:li, Y : GdRO'/XteL a = 9 : 1 : 9T* »k <k Off 

£ L< it, Y : Gd&tf/X(*L a = 4 : 1>S2 : 3T-£>S 0 IP2 

Z<D£iK7* \>jUi**>Z%tfcmt^ Y % Gd N Ce, La, A K 
S mRtf G a ©jf&i: L-TiMkfc, 

Gd, Ce, La, SmO»±a5c**ft#*HltT»JC»)(?Lfc*«;tt 

a. mix*)* i*tzm&Lxm£WLn*:'&Zo ztuz?? y ?xtix 
50-14 5 o°c®&mmmx'2~5tifm&f8.LTmi&§ i oZn. 

d d d ^tK*T'^-/u^I/UT> ft*. #Stx aaKttfcil-rctTfl 
«:im«o **JSJ&«2Kfc^T. 2 MgUiO-tr 

y'*ATW1g.3*lfc-l' v h 'J A • 7 ^ - 0 A ♦ hJfcfi*#M\ 

l>T*>£t>o 2 M&±0**fc*«£LTffll Jttt^ffiJUCS 
<fe£*SP&J&fiM"*Ci:*<-C^ 2 WBfiLh L-T 
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^S»^s LEDSHPlciSWi^lc. ^i^tlllt'KMbK 
H6 lc*+fe*H© AAfr & B jftllc£3a±KttB-r*»^ 

2SS£l±©^ h'^^'T^i^A'/f-*^ 
##©feK& (C.££.tfD.&) -C**E!6©A<&. B£. C,6&tfD.6T 

led*^ s*(*©fflfifc*t<tt*©**a*a«-r*c:fc«= 
miEoa*!***^^* - £ L E d*^ ©**»fi©^5 ? **a 
5c<h*<T#^o a*«a©**tt«*«^-i-*wtci»). rg 

& cyag^) a3t(*i*. haa**-*-*©^ 3dSB*£2©fS 
aiRcf2©5S3t^*- k»** a*aaa^&*T«*(**^uT»* 

Mg£ffl^T^£©T\ »*i<Jl**«:i*'t*4, S£ic. a 
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& $ n tz it l i 56* & t& £ *i * ft =k 0 t> Sft 5 §J I- T ^ -5 fc to 

ED3t?K!RiR£ft£-<i:te£^®T\ ISft^-f K©3e#3&**fiT 
*li6B^ir«SgiJO||l6^1B^*«ffittll**ai(©«*SI7^*"r« 

SlLfcgU £ft£7 0 4&0 f fta->- h 7 0 6 tit UTffitKK LTdj^l" 
SMBKiSfcgi-f *<t* H7©iitt3l**SC*?^Ts 2&ftj£?7 0 2l4. 

fcSK y* h * ***'>® ft t&&LT&1t%?l o 

2*<»«$tifc=icD?S[©^RStS7 0 30rtSB{:5E«-r<5o :^Ti 
3E*nfclBft*TF7 0 214. 7? 'J *tt®*ft« 7 0 4 ©-#©88® Cx 

£TB£$ft*o **fi7 0 4©-:&©i;®±©tfca'>- h 
feiRasii^w*nyt7-f-rt/Att®s»«*t7 o 7*<0Bfcs*i* o 

7 0 4 Oflfc^FOiM (SB4RI) £BRCF*$6#*?j&< 
EB $ ttTl t ^#©SSB±K *>gft ®ft 7 0 5 *»»75E3tJ»**B± 
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So 

K^to H8ic^*r»3fe«tt> |6*^*-K7 0 2KJ:oTSB4*n 
1 ^ Lrafe*©*cas» 7 0 4 Ci^Titti: LTtB 

£ 7 0 4 K «fc o ti«i: Lfcfc* #3t« 7 0 4 o-^oi«ffiir JBifi S ft 

i>u^w >^-«rei*iw»av/- h 7 o 6«ca*UT->- m*kjbj£I/ 

TU^. St>K<*x *#«7 0 4±K7* h /US 
<£E0J> 

■r«fc-5lw. LEDStJ§6 0 1 K"5-f '<-ls]l&6 0 2. ®&T-*i5 
t6^&6 0 3&C5»S8*jffil¥S6 0 4^4tx.^iE»I§8&6 1 0 bfrbKZ* 
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CCT\ LED^Ss6 0 Hi, Ell H:ftJ:?i:, miXlt®2lZ7F 
*fife*©JS**y *- K5 01*^ £#5 0 4KT h 'J ^xttKEW* 

W(:ieiSf Z>m&7-*%m^& (RAM) 6 0 3 RAM6 0 3fr£ 
R^tfiLfc-r-^KS-^TLED^gS 0 l©*ft*ft©*jfe^** 

PUSftJBPIslSS 6 0 4«x RAM60 3 KlEteS ft* r LTL 

e D*^e 601 o**^ *- Ytimtotm* ut&*$*S'<;i>*. 

OT*LED»jS»6 0 lCtt***. J£i±©«t-?{C«|fifc$*lfc^^S 
LED^^H6 0 lttx K»Htt^^A***l*^Xfl*K 

SLED»jN&W\ RGB©^^:^*- K©fc#tBa*M«LTS* 

«l/T#J63fe^^- K*M»Ltt^ntttt^/j:^©T^ &LED«*i§ 
*E»f £ S&tfrlEl&te&ii ic * <t ^ 9 B3Hj^*<* •» fe 8 Lfr £ > 
*HI6B^©a^S«C*i^Tli> LED$*f§6 0 1*<. RGB©3S3S 

ttSMfc^'T*- K5 0 l*ffil*T<Mt3*rC^*©T\ |g®i[s!g&*<RGB 
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ED*^»»> 1H**C RGB©3^©3&*^*-K*ill*£*H* 
li:fctf*LED*jj*»M\ lfl©*#^-f Ktfife**t*50^ 

rgb©***'* 'K©^i*n^*<w»wjc«*$n*^fe*<$fti"s 

fc> *R56WCff*fife«^^llttLED»*Wi, ft*©2*fe> »fe 
©**ffl^fc L E DWSIwtt^AlB© i K»-r *M»*<2l>« < *^IB© 

(*IR36W©**^*- K*ffl^fcfti©*^»«©W) 

RGB©3o©»*^Ji— KK»*W©**^3*— K*JQ*.fcfc® 

*Hft*t-r*LED*^»**sfr*-t3&<T**. -euxs c©le 
■rsHfc^-^-Ktt^a cram) t, RAMicEtt*ftfcr-*K* 
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rgb teft^K**"*- K**n-pn«ii-r* 
(t-i-^tb^j-r^o - afeR©a^*ff^«^(i> rgb*»#*v 

c©«k-5ic > RGB©^^*- KicSfe**^*- K^iSJnf* 
CliJCfcoT. ^^1/-©WS*IpI±*#*C So R 

tlx ^7i:«5iSffSn«. 
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(AMMO 

K»tLTft9. ISft^*- K3*2o£Ltffit***i* 
* + x hoi*rti:El^tiIii:->'J 3->=fA©^*#T§M:SnT 

l>5 0 gf*©S^®lix Sfel' LEDg^SI© 

tau ff#rt*«a-r*o c©j:9KUTfife&OT«&j&fifc"*"*d<!: 

< =■ £ tiii. < t>© fcttttttKEt 

g^^*- K#HS>*© H57;WCJ:0»MTl/fc£bTfctt;fr©»**' > 
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(MSflll) 

4 5 0 nnu ^Ii3 0 nmOHjt^ffll^f*5, HJg^l®^ 

X, TM I (MJ/^/M':/***) M&tfX&tf K-'O h#X 
'iTtfXi&JCSSU MOCVDttTBfttftf *AJMtfc^»fc 
*JKK-r*CiJCJ:»)ftil!SnSo fifc»l$fcx K-'<> h#Xi UTS i 

-7*1 nGaN^^S5gttI«$nt^5, (Bk 7-f7S«± 

ttz, pmmitifw**mmu &m&a o o o cjii±©as-e7--;i/ 
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9 'J On $pfll©&*®#*tt*'*l^£$tt*o UTftSg£ 

— # % 7* h /US* Y> G d > C e ©*&±Jl7c^£i?T 

7?ytXt UT7 7ffc7>*-^£S£bTi&i&J::fStoTx £31+1 

h 'J A • -^AU^tttt UT (Yo sGdo z) S A 1 5 0 12 : C e 

im&Ztiteo flSU CeiDBMO. 0 3T'*ofc 6 
&L±®J:r>\z\sXft9llstz (Y 0 .,Gd 0 .2) 3 A 1 5 0, 2 : C emft&8 

1 2 0^m©7* h;Ui*-b>^®3t(*^W*tifc3— f >f 

|Sj^ o T 7 4- b /U x * * > * K£ < »*f * <k ^ Ufco 
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*-)vmttthx&it&x.$*:sm ) iZfc®.\stz 0 ::t\ n^w 
X, ^ix^^jg^ALfc^ 1 5 0T5B#fi3KT®fl;£-tra? 

*fett*tt*«SLfc»*. ftKjAtt. (x = 0. 30 2s y 

= 0. 2 8 0).. feM8Q80K* (Ra)=8 7. 5iZ 

«ftfflfi**TCiS^ttlB*^l/fco JS*$WW4 9. 5 1m/wiS 
MS&Tfcofco fiS25t60raAif, g&25T20m 

Aiim. 0°C9 0%RHTT'2 OmAa*©£*ftKI*i::fc^T*> 

7* h;U (Y,. 8 Gdo. 2 ) 3 A1 5 0 12 : Cegftft 

frb (ZnCd) S:Cu> A 1 £ LfcJgtfM*. H««l 1 iSftlc 



43 



WO 98/05078 



PCT/JP97/02610 



£^ajLfttS^feK^feb^®£^*£tt3o &K2 5^C2 OmAil 
0t9 0KRHTT2 OmAa*0#fttt»e**£«0Jl© 

© I n ©£Wfi£H$&0J 1 J: 0 C £ JC «k *K fgftfc^ 

©3i#fc:-7£4 6 0nmiU 7* h;l/ 5*-tr >7f^j*©G dO#W 
a£2lJt0U<kO*>*i J M/ (Yo.eGdo.4) aA 1 s O l2 : C e t LtzVkft 

375, y = 0. 370). fe£K4 4 0 0K. ftfe&ffift (Ra) =8 
6. OT'flo/:o 

gii 8 a, mi 8 b&oti 8C(c-en^'ns h«J2©7* h;i>s* 

1 0 0 0«rMI6***^ai:*»7****9i^o 
(*ftttKlSI) ©*S£1 0 0%t btz®£, 1 0 0 OftllBUfti::*!* 

(jumi3) 
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d, C e©*&±Sx*J::iQ&Sm££W3ii:fcx — IttSC (Y 0 . 39 G d , . 57 ' 

ceo.03Smo.01) 3 a 1 8 0i t a3tf**fflt^et^ti> XKm&mrc 

flsSJUfc* d©*««3©»*^-f*-K*10 0flftl!U 13 0°C© 

Mtttttf 8 iffifiFT.* o /Co 

*ifc0»l4©LED**SltU MMIKD^t-FK HI IK* 
1\fc9Kffl'<*->*JBl5£Lfc-fe7 i y^^ISH^ 16xl6©vh 

0 5 &-#T&tfLZ tltz&ft 5 0 4 rt«lcEB £ ft> ^pt^-T K©£ 

mmzm^x&w, 38*^*- h\ sfiRu f ^«»©-^tv^> 

HcJ:OMfeC*feLfc->U 3>iA5 0 6a<3£«£ftSo SSi 
Ett^*- Ki©»«li. §»^>^JI»«lt*ffl^T/N>^tf*(T-9 

/Co 

&±©ck9i::#f££ft*LEDg*i§£, A:*J&ftS^-r-*£-B$ 
ft C E » -T £ R A MR R A M \Z Em $ ft S x - 9 0 fcb L X ^ 

»fcBt««iiPEitt©ai*m^-c^-f yf>/snt*j6^*- K*ja*r 

K5-r^*-d:**^fcK»^a:HJ:-?TK»r*CtliJ:»)ajllL 
(Yo.2Gd 0 . 8 ) 3 A 1 5 O t2 : C e T^$ftS£ftft£ffl^fc&*l^ H 

ifift 1 tmmiz bxnm btz 0 zonmm 5 <ofk%?4 *- k* 1 0 o<i 
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feK£ (i(x = 0. 4 5 0, y = 0. 4 20) V 
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